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An increased incidence of Type 1 diabetes mellitus (T1DM) is expected worldwide. Eventually, TIDM is fatal unless treated with
insulin. The expansion of interventions to prevent diabetes and the use of alternative treatments to insulin is a dream to be fulfilled.
The pathophysiology in TIDM is basically a destruction of beta cells in the pancreas, regardless of which risk factors or causative
entities have been present. Individual risk factors can have separate patho-physiological processes to, in turn, cause this beta cell
destruction. Currently, autoimmunity is considered the major factor in the pathophysiology of TIDM. In a genetically susceptible
individual, viral infection may stimulate the production of antibodies against a viral protein that trigger an autoimmune response against
antigenically similar beta cell molecules. Many components of the immune system have been implicated in autoimmunity leading
to B-cell destruction, including cytotoxic and helper T-cells, B-cells, macrophages, and dendritic cells. The inflammatory process in
early diabetes is thought to be initiated and propagated by the effect of Th1-secreted cytokines (e.g. g interferon) and suppressed by
Th2-secreted antiinflammatory cytokines (interleukins). Structure and function of -cell may be modulated by using Th1/Th2-secreted
cytokines. Several experimental and clinical trials of applying GAD65, Hsp60, peptide-MHC, pepetide-277 immunization, anti-CD3
infusion, and interleukins to modulate immune response in T1IDM were done. Applying such trials in patients with prediabetes, will

most likely be the future key in preventing Type 1 autoimmune diabetes.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is characterized by T
cell-mediated selective destruction of insulin-producing
B-cells. Despite modern medical management, T1DM
is still associated with a mortality rate three to four
times higher than that of the background population.
Exogenous insulin has been the core of treatment
for TIDM since its discovery in 1921. While this
enables most diabetics to live a near normal life, it is
not without complications that may imperil the life
of patients.['”]
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The expansion of interventions to prevent diabetes and
the use of alternative treatments to insulin is a dream
to be fulfilled. Cyclosporin trials in the 1980s reported
temporary remission in newly diagnosed T1DM proving
the principle that manipulation of the immune system
may alter the course of the disease.l! Although the
knowledge of the pathophysiology and nature of the
disease has grown, the capability to interfere effectively
to prevent, reverse, or even delay the clinical onset
of disease is unchanged. New strategies for early
intervention and disease prevention are required. The
development of such interventions depends mainly
on the understanding details of the nature of T1DM.

PATHOPHYSIOLOGY

Inside the pancreas in normal persons, there are about
million islets of Langerhans. Four major cell types are
present in the islets. Beta (B) cells which secret insulin and
are located centrally within the islets, Alpha (o) cells which
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secrete glucagon, Delta (§) cells which sectete somatostatin,
and PP cells which sectete pancreatic polypeptide.” Insulin
is a peptide hormone composed of 51 amino acids. At
first it is synthesized as preproinsulin in the ribosomes
of the rough endoplasmic reticulum. The preproinsulin
is then cleaved into proinsulin that moves to the Golgi
apparatus where it is packaged into secretory granules. In
the secretory granules proinsulin is cleaved into equimolar
amounts of insulin and a residual connecting peptide, or
C-peptide. In T1DM, beta cell mass decreases as a sequelae
of autoimmune process. Fasting blood glucose level raises,
followed by inability to keep postprandial below 200 mg/
dL. Transient insulin resistance is also seen in untreated
T1DM. Initially, there is excessive secretion of glucagon
relative to insulin after protein meals. By way of time,
there is continued loss of islets, with glucagon deficiency,
making patients more susceptible to insulin- induced
hypoglycemia.l*”)

The stage of prediabetes

Several years of progressive autoimmune {3-cell damage
usually precede the clinical onset of diabetes. Although
careful testing reveals loss of the first phase of insulin
release, this long prediabetes phase is asymptomatic. When
the B-cell mass has been eroded to a critical level, falling
insulin secretion can no longer restrain hyperglycemia
and clinical diabetes develops. Some newly diagnosed
T1DM are C-peptide positive, and B-cell secretion may
improve temporarily when insulin treatment is started.
With continuing B-cell destruction, endogenous insulin
production declines progressively and more than 90% of
T1DM become permanently C-peptide negative within
5 years of presentation. The loss of C-peptide is more
rapid in individuals diagnosed in childhood than in new
onset disease in adults. Eventually, insulitis burns itself
out and the immune cells retreat, leaving islet remnants
that are devoid of B cells but still contain intact «, 8, and
PP cells.'"™" The prolonged prediabetic phase provides
an opportunity to prevent individuals with active insulitis
from developing clinical disease.

Genetic factors in Type 1 diabetes mellitus

Previous studies established that, the susceptibility to
T1DM—not the disease itself—is inherited. Certain genetic
alterations increase or decrease the risk of $-cell damage.
The most significant genetic linkage to T1DM is the
human leukocyte antigen (HLA) group, the family of
genes that controls antigen presentation within the immune
system. Inheritance of HLA antigens DR3 and DR4 is
associated with an increased risk of developing T1DM.
Antigen presentation is a critical aspect of T-lymphocyte
activation.!'” Gabbay ¢/ a/. noted that, HLA-DR3, DR4 or
DR3/DR4 and PTPN22 polymorphism did not show any

association with pancreatic islet cell antibodies or studied
cytokines.”) However, a combination of autoantibody
titres and genetic markers (HLLA haplotypes) can be used
to predict the chances of the disease developing in high
risk individuals such as the siblings of children with TIDM.

Auto-antigens in Type 1 diabetes mellitus

About 80% of patients with new onset T1DM have islet cell
antibodies. There are a variety of antibodies against {3 cell
constituents including glutamic acid decarboxylase (GAD)
(GAD 65 and GAD 67), and the secretory granule protein
islet cell antigen (ICA) 512 or IA-2. These antibody positive
individuals—within many years—are at risk of developing
T1DM. The probability of developing T1DM is greater
than 50% if autoantibodies are present to more than one
B-cell antigen (i.e. y insulin, GAD 65, ICA 512). However,
these antibodies appear to be markers for, rather than the
cause of, B-cell injury. Destruction of B-cell is mediated
by a variety of cytokines or by direct T/B-lymphocyte
activity."*1

RoLe oF IMMUNE PROCESS

During the initial phase of autoimmune destructive
process, some viable B-cells are still present producing
enough insulin. By time, nearly all b-cells are destroyed and
the patient becomes totally exogenous insulin dependent.
The damage to B-cells might be initiated by direct viral,
environmental toxins, and/or a primary immune attack
against specific B-cell antigens such as GADG5. T-helper
lymphocytes (CD4+) are activated by B-cell antigens
and antigen-presenting cells (macrophage or dendritic
cells). Macrophages secrete interleukin (IL)-12, stimulating
CD4 + T cells to secrete interferon (IFN)-y and IL-2.
IFN-y stimulates other resting macrophages to release in
turn, other cytokines such as IL.-18, tumor necrosis factor
(TNF-o) and free radicals, which are toxic to B-cells. Further,
activated T-helper cells produce cytokines that attract T
and B lymphocytes and encourage them to proliferate
in the islet leading to insulitis. B lymphocytes might then
damage B-cells by producing antibodies against released
B-cell antigens, while cytotoxic (CD8+) T lymphocytes
directly attack B-cells carrying the target auto-antigens.
Unpredictable process—such as environmental viral
infections triggers—might flare up insulitis. The process
may fade and abort for unknown reasons.!'”"?

Markers for prediction of Type 1 diabetes mellitus

Identifying individuals at risk before substantial islet injury
is a challenge for diabetes prevention. If diabetes can be
predicted eatlier, it may be possible to prevent disease
progression while an adequate islet mass remains to maintain
euglycemia throughout the patient’s lifetime. Several data
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revealed that, individuals must lose 50-90% of their islet
mass before onset of hyperglycemia.” At hand, the most
highly predictive model for identifying people—not yet
manifesting diabetes—depends on recognition of abnormal
insulin secretion, and glucose intolerance. However,
identification at this stage is relatively late where substantial
islet injury occurs before finding this."”? Consequently, all
need predictive markers that measure abnormalities more
remote from diabetes diagnosis. Detection of B-cell-
directed autoantibodies in the blood is the target at present.
Common markers include antibodies against the insulin
molecule, GAD, zinc- transporter-8, and insulinoma antigen
2 (IA2). Antibodies against whole islets and insulin are
specific to pancreatic B-cells, whereas, IA2 and GAD are
nonspecific.?'* In addition, the histochemical islet cell
antibody test (ICA) detects any immunoglobulin directed at
intact human islets but does not identify the specific
antigen(s). Several studies documented that, higher titers of
ICA correspond to a higher 5- to 10-year risk of developing
T1DM.2*4 Alternatively, in established cases of T1DM,
the residual B-cell function at diagnosis of T1DM could
be assessed by measuring C-peptide secretion.

IMMUNOMODULATORY INTERVENTION

On the base of the natural history of the disease process
data, avoiding environmental triggers that would prevent
the initiation of the autoimmune process may delay
the progression of the disease. The likely benefits of
intervention at these time points would depend on the
nature of the intervention and the degree to which the
autoimmune process could be halted or reversed. At
the time of diagnosis, 5-20% of B-cells are still functioning
and could be preserved. Therefore, early intervention with
minimal side effects, before appearance of autoantibodies
to B-cells is the ideal therapy especially in individuals at
highest genetic risk. Nowadays, several goals are achieved
including deactivation of islet-reactive lymphocytes,
correction of the inflammatory milieu that injures islets
and promotes lymphocyte activation, and restoration of
an adequate islet mass.*>?"

Antigen-specific and nonspecific interventions

To prevent the progression of T1DM, it is highly
desirable to either correct the abnormal function or
eliminate those lymphocytes that have targeted the
B-cells. Initial trials for preventing the progression of
early diabetes used immunosuppressive agents, including
prednisone,™ cyclosporine, azathioprine,®” and
antithymocyte globulin.”” These agents would suppress
the islet cell inflammatory process induced by pathogenic
T cells. However, the trials resulted only in a modest delay
of diabetes in a minority of patients. No long-term effect

was seen and discontinuation of the drugs caused the
autoimmune process to recur. In addition, these agents
are not safe enough for having variable degrees of toxicity.

Globally, it is well established that insulin itself is a primary
target of the immune response, and modulation of antiinsulin
reactivity may be beneficial. The oral insulin is metabolically
inactive because of its degradation in the stomach as well.
These degraded peptide products were hypothesized to
possess immune-regulating potential. Depending on these
hypotheses, two studies were designed to determine whether
exposure to insulin, in ways thought to induce tolerance
(oral administration or very-low-dose injection), could delay
or prevent the onset of TIDM. In the first study, relatives
predictable to have a 5-year risk of >50% for progression
to T1DM were given low-dose parenteral insulin. In the
second study, relatives with a <50% risk were given oral
insulin. Unfortunately, neither intervention groups showed
a significant delay in T1DM progression compared to
placebo.’ Howevet, in animal model studies, both parenteral
and oral insulin delayed or prevented disease onset, by
acting cither metabolically via allowing the $-cells to rest or
immunologically via inducing tolerance or reducing T-cell
infiltration into the pancreatic islets.”*)

Up till now, the full range of B-cell auto-antigens is still
obscure. Many components of the immune system have
been implicated in autoimmunity leading to T1DM,
including cytotoxic and helper T-cells, B-cells, macrophages,
and dendritic cells.”!! Since T-cells are the known end-stage
effectors of islet destruction, nonspecific interventions
directed against the T-lymphocyte have been widely used.
According to Moore ¢t al., T-cells express CD3 along with
CD4 or CD8 could in theory modulate T-cell response
and therefore alter autoimmunity.” Targeting of the
CD3 receptor with monoclonal antibodies has been tested
on newly diagnosed patients with T1DM and showed
improved insulin production 2 years after diagnosis but
did not successfully lead to remission of the disease.™!

Beside T-lymphocytes, B-lymphocytes also play a
central role and are linked to the immunopathogenesis
of T1DM. Depleting B-lymphocytes may prevent and
reverse diabetes in mouse models.’**” Rituximab, an
anti- CD20 chimeric antibody that depletes B-lymphocytes,
has shown encouraging initial clinical results. A recent
Trial- Net- funded study demonstrated that a four-dose
course of rituximab could preserve B-cell function over a
1-year period in patients with newly diagnosed TIDM.P* In
addition, systemic antiinflammatory agents such as 1L.-1
receptor antagonists® and agents that stimulate B-cell
proliferation"” are being studied as potential components
of a multidrug prevention of 3-cell destruction.
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Activation of natural killer cells (NKT) by
a-galactosylceramide, inducing secretion of Th2 cytokines,
has also been found to protect nonobese diabetic (NOD)
mice from diabetes and prolong their survival.*!) Another
approach that can skew the cytokine cascade from a Thl
to a Th2 response is the use of a nondepleting anti- CD3
antibody. Anti-CD3 monoclonal antibodies usually suppress
immune responses by transient T-cell depletion and antigenic
modulation of the CD3-T-cell receptor complex. On the
basis of these observations, a randomized controlled trial
in patients with new-onset T1DM was initiated. Twelve
patients received a 14 day course of anti- CD3 monoclonal
antibody hOKT31 intravenously. After 1 year, nine patients
in the treatment group maintained or improved insulin
production (as opposed to only 2 of the 12 controls) without
strict side effects.*”

GAD is a 65 kD protein that is found normally in islet
cells. Antibodies to GAD appear eatly after the initiation
of autoimmune insulitis. Injection of GADG65,** GAD
67 (isoform),”! GAD-derived peptides,* a DNA plasmid
expressing GAD,*" anti-GAD monoclonal antibody,*!
GAD antisense DNA,*! or a vaccinia virus expressing
GADP" reduced the severity of insulitis and prevented the
onset of diabetes in NOD mice.P! Other antigen-specific
interventions currently in development include the use of a
GAD vaccine and the isolation and expansion of regulatory
T-cells that are able to suppress islet-reactive lymphocytes

in an antigen-specific manner.®”

Seeing that the inflammatory process in early diabetes is
thought to be initiated and propagated by the effect of
Th1- secreted cytokines (e.g Y interferon) and suppressed
by Th2-secreted antiinflammatory cytokines (intetleukins),
diabetes can be prevented using Th2-secreted intetleukins.”!
IL- 35 is a newly identified inhibitory cytokine used by T
regulatory cells to control T cell-driven immune responses.
Bettini ¢f a/. examined the therapeutic potential of native,
biologically active IL-35. Expression of the hetero-dimeric
IL-35 cytokine was targeted to B-cells via the rat insulin
promoter II. Autoimmune diabetes, insulitis, and the
infiltrating cellular populations were analyzed. Ectopic
expression of I1.-35 by pancreatic 3-cells led to substantial,
long-term protection against autoimmune diabetes, despite
limited intra-islet 11.-35 secretion. Although there were
limited alterations in cytokine expression, the observed
reduced CD4(+) and CD8(+) T-cell numbers coincided
with diminished T-cell proliferation, hallmarks of IL-35
biological activity. Depending on this biological activity,
IL-35 could be used as a potent inhibitor of autoimmune
reactions and implicate its potential therapeutic utility in
the treatment of TIDM.P? Alternatively, IL-12 is a pivotal
Th1-associated cytokine and a potent immunoregulatory

molecule. Zhang ¢t al. investigated whether intermittent
administration of 1L-12 could prevent the development
of T1DM in NOD mice. Furthermore, they investigated
the potential mechanisms of 11.-12-mediated prevention of
diabetes and insulitis. Their data had revealed that, 11.-12
suppressed insulitis and increased the number of healthy
islets, and the levels of IL-17, IL-18, 1L-6, and IL- 23
were significantly decreased. Moreover, 11.-12 induced
the secretion of IFN-y, a potent inhibitor of Th17 cells.
These results indicated that, intermittent administration of
IL-12 prevented diabetes by inducing IFN-y, suppressing
the pathogenic IL-17-producing cells, and reducing
the expression of Thl7-associated pro-inflammatory
cytokines.* Moreover, diabetes was persistently prevented
by transfection of I11.-4,59 TL-10,° and I1.-11P" on several
experimental trials. On the assumption that, interleukins had
been successfully used in preventing chronic inflammatory
process in animal models, their future use for intervention
in individuals at risk for T1DM should be considered.

Another described approach for T-cell tolerance induction
in diabetes is the use of tolerizing peptide-MHC dimers in
which the peptide component is a peptide specific to the
pathogenic T-cell clones. According to Masteller e al., in vivo
treatment with such dimers protected mice from diabetes."

Heat shock protein (Hsp) is a different important self antigen
in the pathogenesis of diabetes. Antibodies directed against
Hsp65 were found in NOD mice that were developing
insulitis. These autoantibodies were not present in NOD
mice that did not develop diabetes. Anti- Hsp60 T cell clones
transplanted into healthy mice induced insulitis.”*”!

The Hsp060 epitope recognized by T cells was identified as a 24
amino acid peptide termed peptide 277 (p277). Injection of
p277 in mice exposed to low dose streptozotocin prevented
both insulitis and diabetes."” Increased T-cell response to
Hsp60 and p277 was observed in T1DM patients, suggesting
a similar role of these proteins in human diabetes.!! Based
on the protective and therapeutic effects of p277 in animal
models as well as the findings in the human disease, a human
P277 vaccine has been developed. The efficacy of this vaccine
was tested in a double-blind study in patients with recently
diagnosed T1DM. The vaccine intervention group required
significantly less exogenous insulin to achieve the same level
of HbAlc (7%) at the end of the trial.l*”

Recent discussions have focused on combining an
immunomodulator successful in preventing/reversing TIDM
in preclinical studies and human trials with auto- antigen(s)
and/or biologic agents that on their own improve the function
and/or the mass of residual beta cells. These discussions have
also proposed combining two or more immuno-modulators.
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Examples include combining the anti-CD3 antibody with
beta-cell-protective and function-enhancing GLP-1 agonist],
IL-1-neutralising antibodies with the anti-CD3 antibody,
and anti-CD3 antibodies with traditional pharmacologic
immunosuppressives like rapamycin.’! There is a realistic
hope that GAD vaccination, perhaps in combination with
vaccinations with other auto-antigens and/or other therapies,
will result in remission for some patients. The prospects of
cure and prevention of T1DM will become less remote.**

CONCLUSION

The current review outlined the advancement that has
been made in different trials—to prevent, reverse, or even
delay the sequences of T1DM—by modifying the immune
assault on the B-cell. Successful experimental trials have
been conducted to preserve insulin secretion. In contrast,
clinical prevention studies have so far failed to produce
satisfactory and safe positive results. However, such trials
are feasible and have identified new promising agents for
future TIDM prevention strategy.
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